A chemical robot model  by Tauber, S.
Computers Math. Applic. Vol. 20, No. 4-6, pp. 321-324, 1990 0097-4943/90 $3.00 + 0.00 
Printed in Great Britain. All rights reserved Copyright © 1990 Pergamon Press pie 
A CHEMICAL ROBOT MODEL 
S. TAUBER 
Department ofMathematics, Portland State University, Portland, OR 97207, U.S.A. 
Abstract--The idea of a chemical robot is introduced in view of creating a synthetic physiology. The robot 
considered asa system isanalyzed for its exchange and transmission potential. 
1. INTRODUCTION 
The title of this paper has been shortened. It should have been: A chemical robot considered as 
an asymptotic model for a living entity. The shorter title was taken for practical reasons. 
When a robot is designed as a convenient replacement for human or animal activity there is a 
practical necessity for the efficiency of the project. This is why the mechanical parts are built with 
stress resistant elements for long use, and generally for easy replacement. The nervous and 
command systems are mainly electrical and electronic in design. This a clear difference with living 
organisms. It would, so far, be impractical even if possible to construct a robot following the 
concept of a living organism. 
In this paper we try to conceive, on a purely hypothetical level, parts of a robot as close as 
possible to a human or animal. The idea would be to improve the concept, and to tend 
asymptotically to the working of the real "thing". In the design of such a robot a holistic system 
could be created that could answer some of the so far unanswered questions. 
One of the unanswered questions is: why does nature use a mainly chemical system for living 
organisms? One simple answer is that no natural growth, and regeneration would be possible 
otherwise. We cannot let a piece of steel grow. Growth is explained at the cellular level, and at 
this level is mainly a chemical process. 
In this paper we study first a possible basic concept of command transmission and then a more 
holistic approach to system performance. Some of the ideas have been previously developed, and 
were incorporated after proper adaptation. 
In a way the new approach could be called synthetic physiology in opposition to analytic 
physiology which so far is the normal approach, i.e. "find out what goes on", by analytic 
procedures. 
In this paper we limit ourselves to some of the aspects of exchanges and transmissions within 
the working of the robot, in a phrase: synthetic endocrinology. 
From a system point of view we are designing a system which is essentially variable and will 
progressively become very close to an existing system: the living animal or even better a human 
body. 
From a practical point of view aside from the academic approach of synthetic rather than the 
analytic physiology, one can conceive a subsystem of the system under study which could be used 
for experimental pharmacology and biochemistry instead of laboratory animals. 
2. EX IST ING MODELS 
In Sections 2-4  of Ref. [1] a summary, and a rather short form of the following result is given: 
let a -- [a(1), a(2) . . . . .  a(n)] be n chemical substances, and b = [b(l), b(2) . . . . .  b(n)] their molecu- 
lar masses, if a enters into c chemical reactions R = [R(i), R(2) . . . . .  R(c)], the coefficients of a(m) 
in R(j) being c(m, j), then these reactions can be written 
c(m,j)a(m)--, ~ d(m,j)a(m), 
msl  m=l 
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d(m, j) being the coefficient of a(m) in the j th  reaction on the right-hand side of the chemical 
equation. The corresponding mass equivalence relation would then be 
~= c<m,j)b<m)--+ ~=d(m,j)b<m), 
m=l  m=l  
where c(m, j)d(m, j) = 0 since none of the a(m) can appear on both sides of a chemical equation. 
let a(rj) be the reference substance of the j th  reaction then let 
e(m, j) = c(m, j)b(m )/c(rj, j)b(rj), f (m, j) = d(m, j)b(m )/c(rj, j)b(rj) 
and 
E = [e(m, j)], F = [f(m, j)] 
be c × n matrices. 
Let o ( j )  be the proportion of R(j) occurring under the given conditions, and fl = [co(j)6(rj, k)] 
be a matrix, 6(rj, k) the Kronecker delta, i.e. 6(rj, k)= 0 if rj = k, and 6(rj, k )= 1 if rj # k, then 
M = I + (F - E)fl is the reaction matrix for the given R. For, i fx  = Ix(l), x(2) . . . . .  x(n)] are the 
masses of substances a entering into the reactions R under the given conditions then after the 
reactions have occurred the masses of a will be given by y = [y(1), y (2) , . . .  ,y(n)], where 
yT = Mx T. 
3. C IRCULATORY SYSTEM OF THE ROBOT 
In the animals we call the circulatory system blood and lymph, since we are for the moment 
rather far from living entities we prefer to call it basic fluid (BF). 
The circulation of the BF transporting (i) nourishment, (ii) waste, (iii) information between the 
different operation centers is occurring through a system of pipes and containers. The containers 
would be organs where an exchange of components of the BF with the surrounding media could 
take place. This is a necessity since one cannot conceive as yet a piping system of semi-permeable 
material, thus at given intervals there would be such exchange organs to take care of the continuous 
exchange. The exchange organs would basically be cylinders of metal with part of the metal 
replaced by a membrane through which exchanges of the osmotic or other kind would be possible. 
Let us at this point discuss the mathematical model of such an exchange. 
We can classify the substances in solution or suspension in the BF into two classes. 
Class I 
Substances produced by or absorbed by an organ usually entering into chemical reaction with 
other substances in the BF or remaining unchanged but changing concentration i the BF after 
passage through the organ. 
Class H 
Substances usually in much lower concentration to be considered as catalysts, i.e. not entering 
into any chemical reaction but by their mere presence or absence favoring or preventing a chemical 
reaction from occurring. 
Unfortunately there are substances which are to ix classified in between the two classes. To 
illustrate this we take an example from mineral chemistry: the nitric acid in the lead chamber 
process for the preparation of sulphuric acid. It enters into the chemical process but is reconstituted 
at the end. There is still a percentage loss during the continuous operation. Another example would 
be the sulphuric acid in the I_,blanc process for the preparation of sodium carbonate. From a 
holistic point of view, which is our case, such substances will be classified in Class II. 
Let then A = [A(1), A(2) . . . . .  A(n)] be the n substances of Class I in solution or stmpcnsion i  
the BF, and similarly let B = [B(1), B(2) . . . . .  B(m)] be the m substances of Class II in solution 
or suspension i  the BF. Let a = [a(1), a(2) . . . . .  a(n)] be the vector of the concentrations of A in 
the BF, and similarly let b = [b(l), b(2) . . . . .  b(m)] be the concentrations of B in the BF. It is clear 
that a, and b are variable with time and location. In particular, in view of the model given in Section 
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2 it is clear that for a given organ the reaction matrix being M, the concentration vectors upstream, 
and downstream of the organ being au, and ad, the relation 
a~ = Ma~, 
is satisfied. Similarly for the upstream, and downstream concentration vectors of B we shall have 
bT=Db T, 
where D is a diagonal matrix, since no chemical reactions occur. 
The basic fluid, BF, is clearly maintained in constant circulation throughout the piping system 
by a pump, the equivalent of the heart, whose structure will be more or less sophisticated according 
to the degree of development of the robot under study. 
4. A GLANDULAR MODEL 
At the present ime genetic engineering has evolved to a degree such that microorganisms can 
be created able to perform certain tasks of producing certain substances under a given set of 
physical and chemical conditions. We can thus imagine a gland to be a box properly arranged to 
contain a colony of microorganisms able to produce a given substance at a given command given 
in the form of a set of conditions. The BF passing through or by it will change concentration i
the substance which will be produced by the gland. In general a gland will produce several 
substances of Class II. In case there is symbiosis between the corresponding microorganisms they 
can be placed in the same box, if not there can be several boxes together counting as one gland. 
The production of a substance by a gland is clearly controled by the conditions in the gland, i.e. 
chemically, or by other means. The increase in concentration of a substance in the BF may signal 
to another organ an order to perform a certain operation. 
Clearly each order corresponds to a well-determined operation performed by a given organ f~ 
triggered by a substance S produced by a gland G. This introduces the necessity for a chemical 
transmission code which we shall explain in the next section. 
5. CHEMICAL TRANSMISSION CODE 
It can be conceived that the glandular signalization would follow a code which could be as 
follows. 
Consider the following chemical radicals: P, Q, R, S, T, U supposed to have the following 
properties: 
(1) R and S are monovalent; 
(2) P, Q, T and U are bivalent; 
(3) straight C chains can be formed by P, and Q such as 
- -P~Q- - -Q~P- -Q- -  = C,, ~Q- -P~Q- -  = Cj; 
(4) straight Dt chains can be formed by T and U, and to each C corresponds a D 
chain so that, for example, 
- -TmU- -U- -T - -U  - = Dr, - -U - -T - -U - -  = Dj; 
(5) Ct, Di, as well as Cj, Dj, are said to be complementary of each other; 
(6) to each straight chain Ci corresponds a substance At = R---C~--R, similarly to 
each straight chain Dt corresponds a substance B~ = S--Dt~S; 
(7) there exists stable substances ~T,  ~U,  with double bonds, and R--S with 
simple bond; 
(8) all substances A~, Bt, R--T, ~U,  R--S, are soluble in the BF; 
(9) A~ and B~ when in presence of each other react according to the chemical 
reaction 
At + B~ = R---Ct--R + S---Di--S ~ 2JR--S] + n [P=T] + n [Q=U] 
(10) At and Bj, for i # j  do not react together. 
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We cannot solar state what the basic radicals P, Q, R, S, T and U are, although we know some 
of their properties. We can however establish a transmission code based on the correspondence 
of P*-~0, Q,--, 1, i.e. At = R--P--Q---Q~R,-,011, this is clearly a binary code which can be 
extended as far as it is necessary to obtain a sufficient number of signals. 
To this binary code corresponds a binary countercode in T, U, with S instead of R. The first 
code is used to give orders the second to give counterorders to cancel the orders. 
This is probably the simplest code system. More complex systems can easily be established on 
the same principle: n-ary systems, or on different principles. 
6. EXCHANGE ORGANS 
We refer here to previously established models as in Refs [2, 3], and to the model sketched in 
Ref. [1] as well as in Section 2. In both cases we take a holistic approach to the chemical reactions 
taking place in the exchange organ, and the changing concentrations of the substances contained 
in the BF. 
7. SUMMARY 
By introducing the idea of a chemical robot we also introduce the idea of producing synthetically 
an organism which will come as close as possible to a natural iving organism. 
The most important part of life being chemical reactions we need a mathematical model to 
describe quantitatively the reactions occurring. This can be achieved by the introduction of holistic 
methods, i.e. by using for the chemical work of an exchange organ (liver, kidney) an input-output 
model, here a reaction matrix. 
The transmission forders by nerves can be modeled in a simplified way by electric ircuits where 
time delays are electronically introduced to produce a model closer to the living reality. 
For the transmission forders and controls within the BF a transmission code can be established 
using the chemical properties of certain compounds. 
So far no such code has been found. It will be necessary to create one synthetically. 
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